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[57] ABSTRACT

The invention provides a method of producing struc-
tures from double layers composed of a metal silicide
(4) and polysilicon (3) on a silicon substrate (1) contain-
ing integrated semiconductor circuits in an operational
plate reactor by reactive ion etching and with the use of
a photosensitive resist mask (5) on the double layer to
define desired structures. The plate reactor is provided
with a controlled reactive gas mixture which contains
fluorine and chlorine. The double layer (3, 4) in pre-
ferred embodiments is composed of a tantalum silicide
layer and a polysilicon layer. An insulating layer (2) can

be provided between the substrate and the double layer.

The invention is useful for providing low-resistant inter-
connects in VL.SI circuits.

5 Claims, 8 Drawing Figures
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METHOD OF PRODUCING STRUCTURES FRCOM
DOUBLE LAYERS OF METAL SILICIDE AND
POLYSILICON ON INTEGRATED CIRCUIT
SUBSTRATES BY RIE UTILIZING SF¢ AND CLz

BACKGROUND OF THE INVENTION

1. Field of the Invention B R

The invention relates to production of circuit struc-
tures and somewhat more particularly to a method of
producing structures from double layers composed of
metal silicide/polysilicon (sometimes referred to as
polycide) on silicon substrates containing integrated
semiconductor circuits, which can be provided with an
insulating layer between the polycide and the silicon
substrate, and are produced by reactive ion etching in a
plate reactor with a gas mixture containing a halogen
and with the use of a photesensnwe resmt mask |

2. Prior Art |

Metal silicides are galmng mcreasmg 51gnrfieanee n
the production of large scale integrated MOS- circuits.
One of the applications for metal silicide is its use as a
low-resistant interconnect and gate material in a
pelysﬂlcon gate process. With the proviso that polysﬂl-
con is not generally replaeed by the silicide but, instead,
augmented; namely in such a manner that the srllc:lde is
applied over a doped polysrhcon layer. However, the
production of fine structures from such double layers s
‘a complex etching problem because a series of margmal
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conditions must be taken into consaderatron when Ppro-.

ducing integrated circuits.
The invention resolves this eomplex etchmg problem

The marginal conditions which must be observed in
an etching process when producing an mtegrated CIr= 35

cuit will be discussed in greater detail on the basis of the
illustration shown in FIG. 1. As shewn, a silicon sub-
strate 1 is provided with a SiO; layer 2, a n+-deped
polysilicon layer 3, a silicide layer 4, a phetosensmve
resist layer 5 functioning as an etching mask, as well as
with a polysilicon-1 gate structure 6 and an 1nsulatlng
oxide layer 7 positioned thereon.

Identical reference numerals are utilized throughout
this discussion to designate identical parts in all of the .
figures. |

The vertical arrows shown in FIG 1 respeetrvely
point out an etching problem which 1s resolved in ac- .
cordance with the principles of the invention.

Thus, arrow 10 indicates the desired, high seleetwrty

to 8102 (layer 2) or some other equivalent insulator
material. The layer thickness ratio of the polycide dou-
ble layer (layers 3 and 4) to SiO3 is up to 50:1.
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Arrow 11 shows the attainment of a suitable edge |

shape or profile in etched structures. This can occur by
anisotropic etching with vertical edges, as shown, or by
slanted etching.

35

Arrow 12 indicates the step problem in a double |

polysilicon gate process, with the danger of electrical

shorts due to etching residue at the polysilicon-1 edges

(gate 6 and oxide 7). -

Arrow 13 illustrates the formation of a contact poly-
cide (layers 3 and 4) to a substrate (1), a so-called buried
contact.

In addition to these cendltlens Wthh are met by the
Invention, the invention also allows use of a photosensi-
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tive resist mask which is not attacked during the etching

process so as to be useful as an etching mask. Moreover,
with the invention, a high uniformity of etching exists in

2 5
all areas which is of importance because of the so-called -
short channel effect.

It 1s known from the prior art to etch structures of
polysilicides, whereby molybdenum and tungsten sili-
cides are etched in nearly all instances. There is only
one known brief reference regarding etching tantalum
silicide structures, which, in comparison to molybde-
num and tungsten silicides, has considerable advantages
because of better stability at high .temperatures and
good adhesion characteristics to polysilicon. J. Vac.
Sci. Technol., Vol. 17, No. 4, (1980) pages 787-788
indicates that titanium, tantalum, molybdenum and
tungsten silicides can be etched in a plasma with a car-
bon tetrafluoride/oxygen reactive gas mixture. The
etching processes partially occur in a tunnel reactor and
partially in a parallel-plate reactor with anodic coupling
(“plasma etching™), (also see J. Vac. Sci. Technol., Vol.
18, No. 4, 1981, page 346). In principle, these layers can
also be etched wet, but only with the loss of dimension,
conventional with wet etching.

A number . of techniques for plasma etehlng of
polysilicon can be derived from Published European
patent appllcatlon No. 0015 403 whereby gas mixtures
consisting of sulfur hexafluoride (SFg), chlorine (Clp) |
and an inert gas are utilized. However, with these meth-
ods, only silicon is selectively etched so that a very |
good seleetwﬂ:y in the presence of SiO; and silicon
nitride is achieved. In addition, because of the reactive
ion etching (the substrates to be etched are placed on an
HF-eonductlng electrode of an operational reactor), a
direct etching is also carried out so that the generated

depressions have vertical side walls and the etching

mask does not project beyondl the edges of the so-
etched depressions. |
A method of the type initially described has been‘set

forth in my U.S. Pat. No. 4,360,414, assigned to the

instant-assignee. With this method, sulfur hexafluoride
1§ utilized as the reactive etching gas and the etching -
process 1s executed in two steps, each using different

energy levels and havmg drfferent etehlng rates.

SUMMARY OF THE INVENTION

The invention proceeds beyond the above described
prior art for etching a metal silicide/polysilicon double
layer (so-called polycide layer) and also provides a
solution to the problem of slanted etching or, respec-
tively, the step problem in a double polysilicon gate -
process without danger of electrical shorts of adjacent
polycide innerconnects (see FIG. 1, arrows 11, 12 and
13).

In accordance with the prmc:1ples of the mventlon
reactive ion etching occur in an operational reactor
provided with a gas mixture which contains fluorine
and chlorine as a reactive etching gas. If an etching gas
containing only fluorine, such as sulfur hexafluoride,
were utilized, then an overhang would be formed. On
the other hand, the use of only chlorine as a reactive
etching gas produces very low etching rates, partlcu- ;
larly with tantalum silicide layers.

In preferred embodiments of the invention, a gas
mixture containing sulfur hexafluoride (SF¢) and chlo-
rin€ (Cly) 1s utilized as an etching gas. However, the
invention can also be practiced by using gas mixtures.-
which contain fluorohydrocarbons that are substituted
with chlorine atoms (i.e. fluoro-chloro-carbons) such as
monochloro-trifluoromethane  (CCIF3), dichloro-
difluoromethane (CCl;F;) and mixtures thereof. Fur-
ther, a carrier gas, preferably an inert gas, such as he-
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lium, can also be utilized in the practice of the inven-
tion.

In an exemplary embodiment of the invention, a dou-
ble layer is controllably etched and which consists of a
‘tantalum silicide layer approximately 200 nm thick,
with a tantalum:silicon ratio of about 1:2 and a n+-
doped polysﬂlcon layer which is approximately 300 nm
thick.

In certain embodiments of the invention, when an
underetching effect is desired, the etching occurs with a
gas mixture containing sulfur hexafluoride and chlorine,
with a mixing ratio of SFg:Cly in the mixture being
adjusted to about 2:1, at a gas pressure of about 6 to 9
Pa, and an HF-power input to the reactor in the range
of about 0.1 through 0.14 W/cm2.

In certain embodiments of the invention, when an
anisotropic etching is desired, the etching occurs with a
gas mixture containing sulfur hexafluoride and chlorine,
with the etching process being carried out in two steps,
whereby the tantalum silicide layer 4 is first etched with
the gas mixture having a mixing ratio of SF¢:Cl; in the
-gas mixture adjusted so as to be greater than about 3:1
and thereafter, the polysilicon layer 3 is etched with the
gas mixture adjusted to have relatively pure chlorine
therein.

In certain embodlments of the invention, when an
underetching in the polysilicon layer 3 is desired, the
etching occurs with the use of a gas mixture containing
sulfur hexafluoride and chlorine, while a ratio of reac-
tion gas volume in the reactor to the overall reactor
volume is adjusted to less than about 1:20, and the mix-

ing ratio of SF:Cly in the gas mixture is adjusted to

about 1:1. Different ratios of reaction gas volume to the
overall reactor volume correspond to different reactor
geometries.

In certain embodiments of the invention, when an
underetching in a tantalum silicide layer (4) is desired,
the etching occurs with the use of a gas mixture contain-
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ing sulfur hexafluoride and chlorine while the ratio of 4

an active reaction gas volume in the reactor to the over-
all reactor volume is adjusted to about 1:2 and the mix-
ing ratio of SF¢:Cly in the gas mixture is adjusted to
“about 1:1. o

In certain embodiments of the invention, the reactive
ion etching is executed before an annealing process,
necessary for converting the double layer (layers 3 and
4) consisting of metal silicide/polysilicon into a crystal-
line state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevated, partial, cross-sectional, view of
an exemplary etched structure highlighting etching
problems resolved in accordance with the principles of
the invention;

FIG. 2 is a somewhat similar view of an exemplary
structure produced in accordance with the principles of
the invention; |

FIGS. 3, 4 and § are elevated, partial, cross-sectional
views of exemplary etched structures obtained by the
use of optimum etching conditions (mixing ratio of
reaction gases, etching times, gas pressure and HF-
power) obtained by utilizing the principles of the inven-
tion and graphically illustrating in association with each
respective structure;

FIGS. 6 and 7 are elevated, partial, cross-sectional
views of exemplary etched structures obtained by utiliz-
ing different volume ratios (active volume:reactor vol-
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ume) in accordance w1th the principles of the invention;
and

FIG. 8 is a graphlcal illustration of the etching rate
ratio obtained in the practice of the invention between
n+-doped polysilicon and monocrystalline silicon or,
respectively, the selectivity of polysilicon to SiO; as a
function the reactive gas mixture.

DESCRIPTION OF PREFERRED
EMBODIMENTS |

The structure partially illustrated at FIG. 2 com-
prises, somewhat similar to that described in conjunc-
tion with FIG. 1, a silicon substrate 1 having a2 20 nm
thick SiO; layer 2 thereon, with a 300 nm thick n+-
doped (phosphorus or arsenic) polysilicon layer 3 on
layer 2 and a 200 nm thick tantalum silicide layer 4
deposited on layer 3. A photosensitive resist layer 5,
functioning as an etching mask, is positioned on layer 4.
The tantalum:silicon ratio in layer 4 is about 1:2 (fluctu-
ations of the Ta:Si ratio can occur, with about 30% to
50% Ta). The structure illustrated in FIG. 2 is one in
which the goal was to achieve a strictly anisotropic
etching. Such etching can be achieved, for example, by
a two-step etching process in that the tantalum silicide
layer 4 is first etched with a relatively low amount. of
chlorine in the etching gas (i.e. with a SFs/Cls-contain-
ing gas mixture, at a mixing ratio of SFe:Cl; of greater
than about 3:1) and subsequently the polysilicon layer 3
is etched in relatively pure chlorine (with or without an
inert carrier gas). In this manner, structured silicide-
polysilicon double layers can be obtained free of under-
cuttings with vertical edges, as illustrated in FIG. 2.
The changeover from the first etching step to the sec-
ond etching step can be reliably determined, for exam-
ple, by recording the intensity of a suitable emission line
of the plasma. At the same time, a very high selectivity
of poly-Si to SiO; of greater than about 30:1 can be
achieved in the second step (with relatively pure Cly).

- All structures described herein were obtained by
positioning suitably prepared substrates having a double
layer: polycide thereon, with or without an insulating
layer being provided between the substrate and the
double layer, and a.suitably developed photosensitive
resist mask on the double layer to define desired struc-
tures, in an operational plate reactor (i.e. coupled to a
controllable HF-power source, having gas inlets con-
nected to select controllable gas sources and gas outlets
connected to controllable vacuum pumps for maintain-
ing a select gas pressure within the reaction space of the
reactor). Such operational plate reactors are well
known in the art and need not be described further.

Changes in the edge profiles of the double layers 3, 4
in relation to the composition of the reactive etching gas
can be seen from FIG. 3. In the illustrated graph, the

various mixing ratios of SF¢:Cl, are entered along the

abscissa and the etching times, t,9, for the double layer
is entered along the ordinate. The broken-line curve
illustrated in FIG. 3 shows the dependency of the etch-
ing time on the gas composition. The structure a illus-
trates a structure etched without a chlorine component
in the etching gas with a high etching time (see arrow
a). The structure b has a relatively low etching time (see
arrow b). The structure c has the lowest etching time,
with a SF¢:Cly mixing ratio of about 2:1. Although
structure ¢ is noticeably underetched, it is still quite
usable in terms of its profile. Structure e was obtained
with a SF:Cly mixing ratio of about 5:15. In this in-
stance, the silicide layer 4 was underetched to a rela-
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tively high degree A significantly better amsotropy for

a SF¢:Cly mixing ratio of 5:15 can be obtained with a
lower gas pressure (i.e., about 10 mTorr, which is equal
to about 1.5 Pa) in the etching atmOSphere |

The various structures shown in FIG. 3 were etched
in an etching atmosphere contained within an opera-
tional reactor having a gas pressure adjusted in the
range of about 6 through 9 Pa (40 through 60 mTorr)
and which was provided with an HF-power input of
about 0.12 W/cm?. _

In FIGS. 4 and 5, the etching rate in nm/min units is
entered along the ordinate as a function of gas pressure
i Pa units (FIG. 4) and as a function of HF-power in
watts/cm? units (FIG. 5) along the abscissa. The respec-
tive arrows, a, b and c, denote the conditions under
which the illustrated structures a, b, ¢, were obtained.
The arrow b (in FIGS. 4 and 5) for the respective struc-
tures b obtained with the most favorable conditions is
more greatly emphasized. With the diagram illustrated
in FIG. 4, an HF-power input of 0.1 W/cm? was pro-
vided to the reactor. The gas atmosphere within the
reactor was composed of a mixture of SF¢:Cl:He with a
mixing ratio of about 12.5:6.5:20. The x-dashed curve
spphes to tantalum silicide layer, the o-dashed curve
applies to the polysilicon layer, the O-dashed curve
applies to the SiO; layer and the s-dashed curve illus-
trates the selectivity of polysilicon:SiO». o

The same de51gnat1ons also apply to the curve dia-
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con): monocrystalline, (20} crn) or, respectively, the
selectivity between n+-polysrheon SiO; as a function of
reactive gas mixing ratio in sccm units (standard cm3
per min; standard being defined at atmospheric pressure
and a defined temperature). The curve associated with
arrow 14 applies to the selectivity while the curve asso-
ciated with arrow 15 applies to the etching rate ratios.
The illustrated O and o markings represent measuring

points. As can be seen, the most favorable range lies at

a reactive gas mixing ratio for SFg: Cl, between about
5:15 and 2:18. -

In accordance with the prmcrples of the 1nventlon
structuring of the polysilicide (layers 3 and 4) can occur
before an.annealing process, by which the silicide is
converted into a polycrystalline and low resistant mate-
rial. It has been noted that the boundary surface of a
sﬂlclde/polysﬂtcon layer is far more homogenous be-
fore annealing, i.e. it is not as rough, as after annealing.
This has the advantage that the changeover point when
etchlng In a two-step process can be better defined.

As is apparent from the foregoing specification, the

-' present invention is susceptible of being embodied with

25

grams tllustrated in FIG. 5, which shows the depen- -

dency of etch rate (nm/min) on the HF-power density

30

(watts/cm?). The gas pressure in the reactor was about

40 mTorr.

During the development of the invention, it was de—-

termined that, with a constant gas mixture, the etching
profile of a structure also depends quite sensitively on
the reactor geometry and on the ratio of active reaction
gas volume or plasma volume to the overall volume of

35

the reactor. This ratio apparently influences the concen- -
tration distribution of the various radicals in the plasma. . .

In producmg a structure having the etched profile

40

shown in FIG. 6, a ratio of active reaction gas volume

to the overall reactor volume of less than about 1:20

existed, whereas this ratio was approximately 1:2, i.e.’

the plasma volume corresponded to about half of the
reactor volume, during productron of a structure hav-
ing the etch profile shown in FIG. 7. A significant dif-
ference between these ratios is that, in the former in-
stance (FIG. 6) the silicide layer 4 can be etched aniso-
tropically relative to the photosensitive resist mask 5 at
all SF:Cl ratios. In the second instance (FIG. 7) the
silicide etching behavior can be varied by varying the
mix ratio of the reactive etching gases from anisotropic
up to substantially underetching (see FIG. 3).

When a polycide layer (composed of polysilicon
layer 3 and a silicide layer 4) is to topically have a
contact with a silicon substrate (buried contact), then a
certain degree of incipient etching of the substrate can-
not, of course, be avoided (see FIG. 1, arrow 13). At the
end of the production process of a circuit, this can lead
to increased contact resistance between the polycide
and the substrate and topagraphical problems. How-
ever, with a correct selection of the fluorine/chlorine

ratio in a reactive etching gas, one can achieve a rela-

tively high selectivity (up to about 100:1) of n-+-
polysilicon:silicon substrate and, thus, keep the incipient
etching of a substrate very low. These relationships can

be derived from the illustration in FIG. 8. The diagram -

shows the etching rate ratio for nt-Poly-Si (polysili-

43
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various alterations and modifications which may differ.
particularly from those that have been described in the

| preeedmg specification and description. For this reason,
1t is to be fully understood that all of the foregoing is

intended to be merely illustrative and is not to be con-
strued or interpreted as being restrictive or otherwise
limiting of the present invention, exceptmg as 1t 1s set
forth and defined in the hereto-—appended claims.

I claim as my invention: |
- 1. In a method of producing structures from double
layers consisting of metal silicide/ polysilicon on a sili-
con substrate contalnmg 1ntegrated semiconductor cir-
cuits by a reactive ion etching in an operational plate
reactor with the vse of a reactive gas mixture and a

- photosensitive resist'mask to define ndesued structures
- wherein -the improvement comprises:- | |

utilizing "as said reactive gas mixture a mlxture of
- sulfur hexafluoride and chlorine, and |

carrymg out reactive ion etching of the double layers
in said plate reactor to obtain the desired struc-
fures. |

2. In a method of producing structures from tantalum
silicide-polysilicon double layers on silicon substrates
contaming integrated semiconductor circuits by reac-
tive 1on etching in an operational plate reactor with a
reactive gas mixture, the improvement which com-
prises:

producing an underetching effect by using a reactive

gas mixture of sulfur hexafluoride and chlorine at a
mixing ratio of about 2:1, a gas pressure in said
reactor of about 6 to 9 Pa, and a power input to the
reactor of from about 0.1 to 0.14 W/cm?2.

3. In a method of producing structures from tantalum
silictde-polysilicon double layers on silicon substrates
containing integrated semiconductor circuits by reac-
tive ion etching in an operational plate reactor with a
reactive gas mixture, the improvement which com-
prises: -
producing an amsotmplc etching effect by using a
reactive gas mixture of sulfur hexafluoride and
chlorine, the etching process being carried out in
two steps with the layer of tantalum silicide belng
etched first with a ratio of SF:Cl; in the gas mix-
ture of greater than 3:1 and thereafter etching the

Iayer of polysilicon with substantlally pure chlo-
rine gas. | -
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" 4. In a method of producing structures from tantalum
silicidé-polysilicon double layers on silicon substrates
containing integrated semiconductor circuits by reac-

tive ion etching in an apertured plate reactor with a
reactive gas mixture, the improvement which com-

prises:
- producing an underetching in the polysilicon layer by
using a ratio of active reactive gas volume in said

8

reactor to overall reactor volume of less than about
1:20, and employing a mixing ratio of SFe:Cly of
about 1:1. |

5. A method according to claim 4 wherein underetch-

5 ing in the layer of tantalum silicide is achieved using a
ratio of reactive gas volume in said reactor to overall

reactor volume of about 1:2.
- - S - & %
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